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“This is a unique time in human history –
for the first time, we are on the 
technological brink of being able to answer 
questions that have been around for 
thousands of years: 

Are there other planets like Earth?
Are they common?
Do any have signs of life?
Sara Seager, in preface to Exoplanets (2010) 
The University of Arizona Press
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Seager+ 
2007 ApJ
669, 1279

Mass vs.
Radius

10 years
ago(!)

http://adsabs.harvard.edu/abs/2007ApJ...669.1279S
http://adsabs.harvard.edu/abs/2007ApJ...669.1279S
http://adsabs.harvard.edu/abs/2007ApJ...669.1279S
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L. Zeng (2017)
https://www.cfa.harvard.edu/~lzeng/planetmodels.html
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Astrophysics Division, NASA Science Mission Directorate
NASA Exoplanet Exploration Program
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Program purpose described in
2014 NASA Science Plan

1. Discover planets around other stars 
2. Characterize their properties 
3. Identify candidates that could harbor 

life

ExEP serves the science community and NASA 
by implementing NASA’s space science vision 
for exoplanets

https://exoplanets.nasa.gov

NASA’s search for habitable planets and life beyond our solar system
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Kepler highlights
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Kepler highlights
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Short-short list:
Exoplanet ubiquity (frequency)
Exoplanet variety (types) 
Earth-size planets in Hab Zones
Stellar astrophysics (know thy star)
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Exoplanets

NASA/Ames Research Center/JPL-Caltech/Tim Pyle

vs. Cockroaches

R.E. Snodgrass, Wikimedia Commons

Very common,
inclined to 
aggregate

Hardy

Only ~30 cockroach 
species out of ~4600 
associated w/ human 
habitats (“pests”)

Ancient

Only ~25 exoplanet candidates out 
of ~4600 associated with being 
Earth-sized in habitable zones 
(these can be pests when 
astronomers disagree)

Capable of rapid
population growth

Capable of
digesting paper

High resistance
to radiation

Factor of ~40x
size range

Test limits of 
habitability

"It's like if you see one cockroach, you've seen 

ten—they're hiding.” - John Johnson
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JWST

12
https://jwst.stsci.edu/science
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TESS (NASA Explorer Program)

See George Ricker’s talk next (MIT)
https://www.nasa.gov/content/goddard/nasa-s-tess-mission-cleared-for-next-development-phase



Dark Energy, Exoplanets via two main methods

Wide Field Infrared Survey Telescope (WFIRST)

• WFIRST in Phase A

• All technology milestones were met on 
time
– Five for IR Detector, now at TRL 6
– Nine for Coronagraph, now at TRL 5

• Actively studying making WFIRST 
starshade-ready (not baseline). 

• Reviews for SRR/MDR: delayed to allow 
independent external review

• https://www.nasa.gov/feature/nasa-taking-
a-fresh-look-at-next-generation-space-
telescope-plans

14Credit: NASA/GSFC

https://www.nasa.gov/feature/nasa-taking-a-fresh-look-at-next-generation-space-telescope-plans


Announced by NASA March 20
Astrophysics Probe Mission Concepts

• 10 proposals selected for mission concept studies 
– PI-led science team 
– NASA mission design labs at JPL and GSFC.  
– Results will be provided to 2020 Decadal 

Committee

• 2 exoplanet studies were “partially” selected:
– Peter Plavchan: develop the science case for 

space PRV mission. 
– Sara Seager: update starshade rendezvous 

mission concept.

• The ExEP and PCOS / COR programs are facilitating 
all ten studies by supporting the PIs throughout the 
study and more specifically assisting the PIs in 
executing their design lab studies.

15



• Extreme precision radial velocity 
spectrometer (<0.5 m/s) for WIYN telescope 

– Laser frequency comb reference

• Development milestones:

– Passed the Instrument Detailed Design Review 
in November 2016

– Passed the Port Adapter Detailed Design 
review in May 2017

– Instrument commissioning by August 2019

• Ongoing Guest Observer program using 40% 
NOAO share of telescope time for exoplanet 
research with existing instruments.  Proposals 
due in late September.

• Re: John Callas’ talk in Wed. splinter session 16

NOAO 3.5-m WIYN Telescope,
Kitt Peak National Observatory,
Arizona

PI: S. Mahadevan 

NN-Explore Exoplanet
Investigations with 
Doppler Spectroscopy



(mid 2030s; work outside ExEP)

Possible New Worlds Exoplanet Telescopes
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• Large Ultra-Violet Optical InfraRed Telescope (LUVOIR)
– Coronagraphic imaging with deployed/segmented primary mirror

– Large apertures & exoplanet survey samples

– 5 instruments, equal weighting to exoplanets & general astrophysics

• Habitable Exoplanet Mission (HabEx)
– Coronagraph & starshade imaging with monolithic, off-axis telescope

– Smaller apertures & exoplanet survey samples

– 3 instruments, including UV spectrometer & general astrophysics 

camera

• Origins Space Telescope (OST)
– mid/far-infrared flagship concept

– Primary exoplanet science case is transit spectroscopy

– New exoplanet working group co-Chaired by Lisa Kaltenegger

(Cornell) & Kevin Stevenson (STScI)



Two community studies of potential 
future missions to find/characterize ExoEarths : 

Habitable Exoplanet Mission (HabEx) and 
Large UltraViolet Optical near-IR (LUVOIR) surveyor

� Both have goal of studying Earthlike planets in reflected light; they differ in 
levels of ambition, cost, and technical readiness

� HabEx to “search for” signs of habitability and biosignatures

� LUVOIR to “constrain the frequency of” habitability and biosignatures = 
larger statistical survey of exoEarths, larger aperture

� HabEx to focus on exoplanets, “best effort” on general astrophysics.   
Starshade.  Study led by JPL/Caltech

� LUVOIR gives equal priority to exoplanets and cosmic origins science, is 
HST-like, an expansive vision.  Study led by NASA Goddard.

� Interim reports late 2017; final reports early 2019.  Next Astrophysics 
Decadal Survey to decide if one of them might go forward



Capabilities of future space telescopes 
for exoplanet imaging characterization - target samples

Cumulative number of 
known RV planets and 
HZs that can potentially 
be accessed, as a 
function of how close to 
the star one can look.

Values reflect local 
distribution of star 
types & their distances 
from the Sun

Accessing 100 HZs will 
require looking as close 
as 70 mas, which at 0.55 
µm could require a ~5
m  telescope 

3/03/2017 1
9



Steps that will enable direct imaging 
and spectra of habitable exoplanets

• Understand the frequency of HZ rocky planets
• Measure the astronomical backgrounds
• Make precursor and follow-up observations to measure 

exoplanet masses and orbits, where possible
• Measure host star properties that affect habitability
• Develop our understanding of exoplanet atmospheres, 

biosignatures, and biosignature false positives
• Ready the starlight suppression technology
• Close in on the mission architecture



Frequency of rocky planets : 
avenues for progress beyond 

Kepler• Independent community analyses of Kepler planet 
occurrence rates; synthesis of those results

• Learn what we can from longest-period planets 
found w/TESS in its continuous viewing zones 

• Synthesis of exoplanet demographics from transits, 
RV, and microlensing results

Summary status: a lot of effort has been invested to 
address this question.  Is there more we can do ?   
The uncertainty on !⨁ could affect decadal choices.  

Bay Area Exoplanets Meeting 2
1
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